A search in the H1 experiment at HERA for scalar and vector leptoquarks, leptogluons and squarks coupling to rst generation fermions is presented in a data sample corresponding to an integrated luminosity of 425 nb ?1 . For masses ranging up to 275 GeV, no signi cant evidence for the direct production of such particles is found in various possible decay channels. At high masses and beyond the centre of mass energy of 296 GeV a contact interaction analysis is used to further constrain the couplings and masses of new vector leptoquarks and to set lower limits on compositeness scales.
Introduction
The ep collider HERA, in which 26:7 GeV electrons collide with 820 GeV protons, provides access to an as yet unexplored mass domain for the discovery of new particles. Especially promising, given the unique initial state, are searches for heavy particles coupling to either electron{quark pairs such as squarks and leptoquarks or to electron{gluon pairs such as leptogluons. These new particles could be produced singly as s-channel resonances by the fusion of the initial state lepton and a coloured partonic constituent of the proton. In the case of squarks, such production involves a lepton number violating Yukawa coupling as present in the R-parity violating (6 R p ) supersymmetric extension of the Standard Model (SM). For masses beyond the kinematic limit of p s = 296 GeV, interference e ects from virtual exchange of new particles may still lead to observable deviations from SM predictions.
This paper combines a direct search for leptoquarks, leptogluons and squarks with a search for indirect e ects studied in the general framework of a Contact Interaction (CI) parametrization. The squark search includes an analysis of both 6 R p decays via Yukawa couplings and gauge decays into a quark and the lightest supersymmetric particle (LSP) which is assumed to be a neutralino. In 6 R p models, the LSP is unstable and decays into leptons and quarks. This is at variance from particle searches in the framework of the minimal supersymmetric model (MSSM) where the LSP is necessarily stable leading to 3
events with large missing transverse momentum. The observation of gauge decays would make it possible to distinguish squark from leptoquark production.
The analysis presented here is based on an integrated luminosity of L = 425 21 nb ?1 collected during 1993. This represents an increase by a factor 17 compared to the data sample used in earlier searches for leptoquarks and leptogluons at HERA 1, 2].
Phenomenology
Leptoquarks are colour triplet bosons carrying lepton and baryon numbers. They appear naturally in various theories beyond the Standard Model, in particular those attempting to provide an explanation for the observed symmetry between the lepton and quark particle multiplets. Examples are Grand Unifying Theories or Superstring motivated E 6 models, but also Compositeness and Technicolour models. In order to be independent of speci c model assumptions, a phenomenological ansatz 3] is used to present the result of our search. The e ective Lagrangian considered conserves lepton and baryon number, obeys the symmetries of the SM gauge groups U(1) Y ; SU(2) L and SU(3) C , and includes all possible dimensionless couplings of scalar and vector leptoquarks to leptons and quarks. Altogether there are thus 10 di erent leptoquark isospin multiplets, with couplings to left and right handed fermions (see for example table 2) 1 . A more detailed discussion of the general classi cation scheme for leptoquarks may be found in our previous publication 1] or in 3, 4] .
Given the existing stringent constraints from low energy experiments (for a review see 5]), we restrict our search by the following simplifying assumptions:
Only couplings to rst generation fermions are considered. One of the leptoquark multiplets is produced dominantly. The states in the leptoquark doublets and triplets are degenerate in mass. Non-vanishing couplings exist only to either left-( L ) or right-handed ( R ) leptons (i.e. L R 0). The only possible decay channels lead to fermions, either electron + quark, or neutrino + quark.
Experimentally, leptoquarks would show up predominantly as s-channel resonances ( g. 1a) in the electron{quark scattering sub-process with a cross-section depending to rst approximation only on 2 and on the quark momentum density in the proton. The decay of the leptoquark into an electron, or a neutrino, and a jet leads to signatures indistinguishable event-by-event from the SM neutral and charged current deep inelastic scattering (DIS). Statistically, the new signal may however be discriminated by the presence of a peak in the invariant mass distribution and by the speci c angular distribution of the decay products. This angular decay distribution depends on the spin of the leptoquark. Scalars decay isotropically in their centre of mass system leading to a constant d = dy where y = 1 2 (1 + cos ) corresponds to the Bjorken scattering variable in DIS and is At HERA speci cally the 6 R p couplings 0 ijk (where ijk are generation indices) between a lepton, a quark and a squark are of interest 10]. Given the constraints from low energy experiments 10] these are studied with the additional simplifying assumptions that:
These are the only sizeable 6 R p couplings such that rapid proton decay is avoided and one of these 0 ijk dominates. Only couplings to fermions of the rst generation are considered. Squarks of the rst and second generation are degenerate in mass. The case of a light top{squark is considered separately. Squarks decay either via their Yukawa couplings into fermions, or via their gauge coupling into a quark and the LSP ( g. 1b) which is assumed to be the lightest neutralino 0 1 . In this extension of the MSSM, the 0 1 decays dominantly into a quark, an antiquark and a lepton. Cascade decays via other gauginos are neglected. The Yukawa couplings resemble very much the ones for leptoquarks, and the production cross-section for up{type squarks is indeed the same as the one of theS 1=2 leptoquark. The same resemblance holds for down{type squarks and the S 0 leptoquark. Also the partial decay width for the 6 R p decay into fermions is the same. Under the further simplifying assumption that the neutralino is a pure photino~ , the gauge decay width is given by ?q !~ q = ?q !eq and contributes mainly at low~ masses and low Yukawa couplings. Also in this decay mode an electron or a neutrino is expected together with hadronic activity, so that a common event selection can be used for all signatures. It is however interesting to note that decays also into positrons are predicted, a striking signature for lepton number violation.
Contact Interactions
The search for new bosons can be extended considerably beyond the kinematic limit for their direct production through the study of indirect e ects from virtual exchange. With particle masses M X well above the available energy, such indirect signatures may be investigated by adding general contact interaction terms to the SM Lagrangian. For su ciently heavy particles X the propagator is contracted and new e ective four-fermion point-like interactions arise. The separate dependence of amplitudes on M X and on couplings g X!i; f to initial and nal states i; f reduce to the dependence on e ective couplings with dimension mass ?2 
Interference of the new current with the and Z elds of the SM may lead to observable e ects in neutral current (NC) deep inelastic scattering at energies considerably lower than the relevant mass scale. The most general chirally invariant NC contact term Lagrangian can be written in the form 11] 153 and all azimuthal angles. It consists of a lead/argon electromagnetic section, with a thickness varying between 20 and 30 radiation lengths and is composed of three (in the barrel region) to four (in the forward region) layers of cells in depth. This section is followed by a stainlesssteel/argon hadronic section for the measurement of hadronic energy ow which o ers in total a containment varying from 4.5 up to 8 interaction lengths. The hadronic section has four (barrel) to six (forward) layers of cells in depth. In the LAr calorimeter, electron energies are measured with a resolution of (E)=E ' 12 %/ p E 1% and hadron energies with (E)=E ' 50 %/ p E 2% after software energy weighting 16]. The absolute energy scales are known to 2% and 5% for electrons and hadrons respectively. The angular resolution on the scattered electron measured from the electromagnetic shower in the calorimeter is about 7 mrad. A lead/scintillator electromagnetic backward calorimeter extends the coverage at larger angles (155 176 ). Located inside the calorimeters is the tracking system used here to determine the interaction vertex and the charge of the nal state lepton. The main components of this system are central drift and proportional chambers (25 155 ), a forward track detector (7 25 ) and backward proportional chambers (155 175 ). The tracking chambers and calorimeters are surrounded by a superconducting solenoid coil providing a uniform eld of 1:15 T within the tracking volume. The instrumented iron return yoke surrounding this coil is used to measure leakage of hadronic showers and to recognize muons. The luminosity is determined from the rate of the Bethe-Heitler process ep ! ep measured in a luminosity monitor as described in 14].
Event simulation
The Monte Carlo simulation of leptoquarks and leptogluons 17] was performed using the di erential cross-sections from 3, 7] . For leptoquarks, the interference with DIS Standard Model amplitudes is treated and leads to signi cant contributions only at the largest accessible masses and couplings. For squarks decaying into a lepton and a quark, the event generator for leptoquarks could be used since the nal states and kinematics are indistinguishable. For squarks undergoing a gauge decay into a quark and a neutralino, a generator 17] based on the cross-sections given in 10] was adopted. Both generators also simulate initial state bremsstrahlung in the Weizs acker{Williams approximation, initial and nal state parton showers and fragmentation 18]. The kinematics at the decay vertex are corrected for e ects of the parton shower masses. The parton density used is evaluated at the scale of the new particle mass, and this scale is also chosen for the maximum virtuality of parton showers. Systematic e ects due to alternative choices will be discussed later.
The SM prediction for DIS is obtained via the event generator 19], which includes the lowest order electroweak scattering process with QCD corrections to rst order in s , complemented by leading-log parton showers and fragmentation 18]. A comparison with a simulation 20] of DIS events based on a complete rst order electroweak corrected cross-section revealed no signi cant di erences for our purposes. Direct and resolved photoproduction events of light and heavy quarks were considered for background studies using the generator 18].
The parton densities in the proton used throughout are taken from the MRS D? 21] parametrization which is close to recent F 2 structure function measurements at HERA 22] . The parton densities in the photon are taken from the GRV{G LO parametrization 23]. The di erence in the results obtained using other existing parametrizations will be discussed later.
To compare data and the SM expectation an absolute normalization based on the predicted cross-section and the measured luminosity is applied. All simulated events were passed through a detailed Monte Carlo program of the H1 detector including all acceptances, resolutions and e ciencies and the same reconstruction and analysis programs were used as for data.
5 Analysis methods
Kinematics
Two mass reconstruction methods are considered, both of which o er good mass resolutions but di er in their systematic behaviour.
Firstly, in the parton model for massless quarks, and assuming that the proton remnant does not participate in the hard interaction, the mass of the leptoquark, leptogluon or squark undergoing two-body decays into e + q ; + q or e + g can be estimated from the energy available at the hard initial e + parton vertex. It is related to the Bjorken momentum fraction x of the parton in the proton via M 2 = (p e + xp p ) 2 = xs where p e and p p are the electron and proton beam four-momenta, and x is related to the square of the momentum transfer Q 2 and the Bjorken-y variable through x = Q 2 ys . Hence, for e+X channels, the mass M e can be reconstructed from the nal state electron energy E e and angle e as M e = s Q 2 e y e ; Q 2 e = P 2 In these methods, particles which disappear in the beampipe and higher order e ects such as initial and nal state parton showers and initial state radiation from the electron have in uence on the mass reconstruction. Especially important is the virtuality of the nal state quark, since it destroys the na ve parton model kinematics at the leptoquark decay vertex. Using x for the mass calculation means that we rely on the Monte Carlo simulation to provide an accurate description of these e ects.
As an alternative method, the mass of the resonance can be computed as the invariant mass M dec of all nal state decay products. It requires the removal of the hadronic energy ow associated with fragments of the proton. This is done via a cut in pseudorapidity, cut = h + 1:5. Here h is the pseudorapidity of the jet with the highest transverse energy among the jets found by a cone algorithm with cone opening angle R=1 in units of pseudorapidity and azimuthal angle. The mass is then computed from the sum, restricted to the angular range > 10 , of all particles with < cut . This method is largely independent of the higher order e ects mentioned above. It can also be used for gauge decays of squarks into multi-particle nal states.
The two reconstruction methods are compared in g. 2 for simulated events. For DIS Neutral Current events ( g. 2c) the correlation between the two methods is very good. The tail towards larger M dec values originates from events where too much energy from the proton remnant is collected. For leptoquarks ( g. 2a), the mass is also well reconstructed by both methods and peaked at the generated mass value with FWHM resolutions of 8 and 14 GeV for M e and M dec respectively. The tail towards higher M dec values appears here as well. The events migrating towards low M e originate from small y where the higher order e ects (especially the o -shellness of the nal state quark) become important. Since a rather high scale for the nal state parton shower was used, the relatively few events in this tail demonstrates that such systematic e ects are not too severe for the M e method. M dec is also sometimes found to be underestimate at low y e where the jet associated to the nal state quark in the leptoquark decay is at low angles and partly truncated by the forward angular cut mentioned above. These low y events will be suppressed later by cuts on y e used to separate a possible signal from the DIS background.
For gauge decays of squarks however ( g. 2b), only M dec correctly estimates the generated mass since the calculation via M e assumed, improperly here, a two-body decay into massless particles. This di erence will be used later to distinguish the decayq ! q 0 1 from the DIS background.
In view of the tails towards higher masses in the expected DIS background sample for the M dec method, we will use M e to analyse leptoquark and squark decays into e + jet, and M dec only for gauge decays of squarks. The 0 1 mass is computed in the same way as M dec but excluding a region of 45 in azimuthal angle around the axis of the highest E T jet.
Event selection
The event selection is common to all e + X nal states or to all + X nal states and consists essentially of electron nding algorithms and global energy conservation cuts.
Event candidates for e + X nal states must satisfy the following requirements:
1. a primary vertex must be reconstructed in the range j z ? z j< 35 cm with z = ?5:0 cm; 2. an electron satisfying E T;e > 7 GeV and 10 e 145 has to be found in the LAr calorimeter; 3. the total missing transverse momentum P T;miss j PP T j q ( P E x ) 2 + ( P E y ) 2 measured by the calorimeters must satisfy P T;miss 15 GeV, where the sums run over all energy depositions in the calorimeters; 4. the energy-momentum conservation requirement j P (E ? p z ) ? 2E 0 e j 10 GeV must be satis ed, where E 0 e is the incident electron energy; 5. the total energies E back in the backward calorimeter and E tag in the electron tagger of the luminosity monitor must satisfy E back < 10 GeV and E tag < 5 GeV; 6. the scaling variable y e must ful l 0:05 < y e < 0:95.
The requirements (1), (2) and (3) suppress beam{wall or beam{residual gas induced background as well as background from cosmic rays and DIS charged current (CC) events. Cut (4) provides powerful rejection of events with energy losses in the beam pipe along the incident electron direction. This suppresses events with a very hard emitted from the electron in the initial state and, together with cut (5), photoproduction contamination with a misidenti ed electron in the LAr calorimeter. Cut (5) also eliminates contamination from DIS events at small momentum transfer with misidenti ed electrons. Cut (6) rejects the high y e region to avoid the largest radiative corrections and to further suppress the photoproduction background. It also rejects the low y e region where the y e and M e resolutions severely degrade.
The electron identi cation essentially relies on shower estimators similar to those described in 24]. We require that 90% of the electron energy be contained within the electromagnetic section and that the fraction deposited in the rst layer exceeds a xed threshold parametrized according to polar angle. Moreover, cuts on the transverse shower moments are applied. Finally, we impose a weak electron isolation criterion : the electron shower must possess 90% of the energy integrated in a cone centered on the electron pseudorapidity e and azimuth e of opening q ( e ) 2 + ( e ) 2 < R where R=0. 25 . Also there should be no muon track and no instrumented iron cell ring behind the electron in a cylinder of xed radius centered on the electron axis.
Event candidates in searches for the + X nal state must satisfy the following requirements developed for the deep inelastic charged current analysis 25] at high Q 2 :
1. a primary vertex must be reconstructed in the range j z ? z j< 35 cm with z = ?5:0 cm; 2. no electron satisfying the requirements of the e + X selection should have been found; 3. the total missing transverse momentum measured by the calorimeters must satisfy P T;miss > 15 GeV; 4. the total transverse energy E T P jP T j should match the total missing transverse momentum P T;miss such that (E T ? P T;miss )=E T < 0:5;
5. the event must survive a set of halo and cosmic muon lters described in 25]; residual superimposed events are removed by a visual scan; 6. the scaling variable y h as measured from the nal state hadronic energy ow must satisfy the cut y h < 0:95.
The requirements (1) and (5) suppress halo muons produced upstream by the proton beam as well as background from cosmic rays. The requirements (3) and (4) strongly suppress proton{wall and proton{residual gas collisions as well as photoproduction and taken together with (2) they reject deep inelastic neutral current contamination; all these backgrounds generally lead to events balanced in transverse momenta.
In addition, for both e + X and + X channels, events perturbed by well understood and easily recognized coherent noise patterns in the LAr calorimeter were rejected. The events must have been accepted by LAr hardware triggers which use energy summed in coarsely segmented calorimeter trigger readout. For the e + X channels, we require that either the total electromagnetic energy in a narrow tower or the total barrel energy or the total transverse energy exceed xed thresholds. For the + X channels, a vector sum of transverse momenta has to exceed a xed threshold. All LAr trigger thresholds were set just above the electronic noise.
With the above selection requirements, we are left at this point with a sample of 784 events in the e + X channels. As will be shown in section 5.3, the above selection requirements are most e cient in the mass range > 45 GeV. We nd 485 events with either M e > 45 GeV or M dec > 45 GeV. Out of these, about 65% have M e > 45 GeV and 92% have M dec > 45 GeV. In the + X channel, 13 events are found with masses M h > 45 GeV.
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but nevertheless lies within =2 in azimuth of the hadronic energy ow from the decay jets. Hence we require the transverse hadronic energy ow in this range around the electron to be at least 10% of that of the \current jet". Moreover, the y e distribution for such squark decays appears strongly shifted towards large y e . This is because the scalar squark decays uniformly in its center-of-mass frame (as a scalar leptoquark which has a at y e distribution) but only part of the 0 1 energy goes to the nal state electron. Hence we require that y e > 0:4 independently of theq or 0 1 masses. Finally, M dec is required to deviate from M e by more than 10% as a complementary and powerful cut against DIS NC background (see g. 2b and c).
We nd 60 candidates satisfying the cuts speci c to gauge decays of squarks, and with masses M dec > 45 GeV.
E ciencies and background contamination
The signal e ciencies estimated from Monte Carlo simulation by applying the selection criteria described in section 5.2 are shown in g. 3a and c for leptoquarks (or squarks decaying via 6 R p coupling) and 3d for leptogluons. In order to take into account properly e ects from the intrinsic width of the resonance, the coupling for each type of particle or decay was chosen to correspond to a cross-section at the expected limit of sensitivity.
The selection e ciency is found in all cases to be of order 80 ? 90% in the mass range 75 . M . 200 GeV. For leptoquarks, the e ciency is seen to drop at masses M & 150 GeV and M & 250 GeV for particles carrying the quantum numbers of antiquarks or quarks respectively. In the relevant range of couplings, the decay width is typically smaller than the experimental mass resolution. Only at high masses and correspondingly high couplings does the width become broad. Together with the steeply falling quark density function, this leads to distributions with long tails towards lower masses. Given the systematic uncertainties on the shape of the parton densities we cut o this tail, which leads to the reduced e ciency at very high masses.
The selection e ciency also severely drops below M . 50 GeV owing to the E T;e and e requirements for the nal state electron. In the following sections, all results are presented in the restricted mass range M > 45 GeV.
The remaining contamination from photoproduction events was estimated by Monte
Carlo. The upper limits were found to be < 0:6% from + p ! jet + jet (direct and resolved photon processes) and < 0:5% from heavy avour pair production by boson{ gluon fusion processes. These numbers are consistent with the absence of selected events with an electron tagged in the luminosity detector. Single non-colliding electron or proton bunches were used to monitor the contamination due to interactions which do not origin from ep collisions. No such event survived the selection cuts.
For squarks undergoing gauge decays into 0 1 + jet where the 0 1 decays into e + 2jets, the e ciency (see g. 3b) depends on the neutralino mass and is found by Monte Carlo simulation to reach up to 70% at the higher 1 0 masses. 12 case considered, the curves with higher e ciencies correspond to the basic selection, while the lower curves give the actual e ciency remaining after applying mass and y windows (section 6) to optimize the signal to background ratio.
Direct search for leptoquarks and leptogluons
We rst compare our e + X and + X sample with predictions from the Monte Carlo simulation of Standard Model DIS events. Figures 4a and 4c show the measured e + X data and the corresponding Monte Carlo distribution in the y e versus M e plane. The DIS simulation shown here was obtained from a sample equivalent to 3 times the data luminosity and exhibits the expected increase of the cross-section towards lower y e values and lower masses, and agrees well in shape with the measured data. The cut o at low y e and low mass is due to the minimum transverse momentumrequirement mentioned before. Overlayed on the DIS expectation are some simulated events from a scalar leptoquark of 200 GeV. Figures 4b and 4d show the corresponding + X distributions, where now only the hadronic nal state is available to determine the kinematics. Here also the DIS CC Monte Carlo sample corresponds to 3 times the integrated luminosity for the measured + X sample. Again the shape of the data is well reproduced by the prediction for W-exchange. The mass resolution for a leptoquark however is considerably worse here compared to the e + X case due to the hadronic energy resolution.
The comparison of the measured data and DIS Monte Carlo predictions are shown in the mass spectra of g. 5a for e + X and g. 5b for + X data. Here we make use of the full DIS Monte Carlo sample which amounts for NC (CC) to 6.2 (130) times the measured luminosity. For e+X data, the mass spectrum is shown before and after having applied a mass-dependent y e cut (see curve in g. 4c) designed to optimize the signal over background signi cance for scalar leptoquark searches; this y e cut will be used later in the derivation of rejection limits. For + X data, no equivalent cut is applied since the expected CC background does not concentrate at low y. Before the y e cut, both mass spectra are found to be well described by the SM Monte Carlo over the full mass range above 45 GeV. We observe 314 e + X events in this mass range while 298 7 events are 14 expected. In the + X channel, we expect 15:3 0:3 events compared to the observed 13 events. Also after the y e cut, the shape of the remaining e + X data in g. 5a is well described by Monte Carlo but an excess of events in this high Q 2 region at large y e is observed. The 34 measured events represent a 2 uctuation above the expected average background of 25:1 2 events. Similar excess is observed if using M dec instead of M e . In order to quantify the agreement between the measured data and the SM prediction, and to investigate how eventual deviations could be accounted for by a leptoquark signal, we performed a maximum likelihood analysis exploiting the expected shape of the mass and angular (i. The normalization N( ) is chosen such that we attribute any overall excess to systematic errors in the total DIS NC cross-section so that the sum of the integrated DIS and leptoquark distributions corresponds to the total number of measured events. The e ects of interference between standard DIS processes and leptoquark boson exchange are negligible in the mass range spanned by the actual data 4 . Increase of the likelihood in the leptoquark hypothesis relative to the no signal hypothesis (i.e. = 0) are observed at the 2 to 3 level within the 65 to 80 GeV range and within the 125 to 150 GeV range. The probability to observe in a single measurement a deviation of more than +2 arising from purely statistical background uctuations somewhere in the coupling-mass plane considered is 40%. For vector leptoquarks the deviations are smaller indicating that the excess of events mainly occurs at high y. Having observed no signi cant deviations from the expectations of the Standard Model, we calculate the most probable rejection limits at 95% con dence level (CL) for a single leptoquark at xed mass (cf. g. 6).
Scans of the mass spectra are carried out in 1 GeV steps. The signal e ciency, the number of observed events and the number of expected background events are integrated within a mass bin. For the e + X channel, the y e cut mentioned before is applied for each mass hypothesis. The width of the mass bin and the y e cut are tuned independently to optimize the signal signi cance assuming an experiment where the number of observed events would correspond exactly to the mean expected number of background events. The corresponding e ciencies are given in g. 3a and 3c.
Whenever relevant, decay modes are combined with branching ratios xed by the model described in section 2. In this case the calculation of the rejection limit makes use of the product of the Poisson probabilities P (N k ; k S + b k ) where each channel k enters with an e ciency k (= reconstruction e ciency branching ratio), N k observed events and b k mean expected background events, to detect a signal S given the measured luminosity.
Integrating this probability up to 95% of the total integral yields the upper limit for the signal, from which we calculate the upper limit of the coupling constant . For a single decay channel this is identical to the prescription given by the particle data group 26].
We furthermore take into account statistical and systematic errors in the contribution of the e ciencies k and backgrounds b k .
The error of the luminosity measurement is 5%. The statistical uncertainty on the reconstruction e ciency is 4%. The statistical error of the background estimate is negligible at low masses, and ranges up to 30 % at high masses. The absolute energy calibration for electrons (2%) and hadrons (5%) results in an uncertainty on the background estimation of 10%. The scale entering the structure function calculation leads to uncertainties in the cross-section of 7%. The error on the e ciency loss due to the vertex cut is below 1%.
For the error on the luminosity, a Gaussian smearing is applied in common for all contributing decay channels. All other uncertainties are propagated by folding Gaussian distributions for k or b k into the integral mentioned above. The statistical and systematic errors weaken the coupling limits by about 4%.
The resulting exclusion limits are shown in g. 6 for leptoquarks and g. 7 for leptogluons. The curves have been smoothed taking into account the nite mass resolution. Using other recent parton density parametrizations (MRS D0 21], GRV HO 27], MT B2 28]) would yield di erences of typically less than 5% at low masses and 20% at the highest masses.
16 For small masses, where the quark densities are high, very small couplings are accessible with the present luminosity, while at masses close to the kinematic limit p s, the quark densities become so low that couplings of the order 1 are necessary to obtain observable cross-sections. There, the contribution of interference is sizeable for vector leptoquarks. As expected the limits are lower for leptoquarks coupling to quarks than for those coupling to antiquarks. With the present luminosity masses up to 270 GeV can be excluded, and couplings one order of magnitude weaker than the electromagnetic coupling ( = 0:3) are accessible. For couplings of electromagnetic strength, leptoquarks are restricted to be heavier than 130 to 230 GeV depending on the leptoquark quantum numbers.
Direct searches for leptoquarks have been carried out also at the Tevatron p p collider 29]. Since there leptoquarks are produced mainly via a virtual gluon, these limits are independent of the coupling to electron{quark pairs, but for vector leptoquarks depend on assumptions of the size of the anomalous coupling to gluons. The most stringent model independent searches 29] are presently restricted to scalar leptoquarks with masses below 120 (133) GeV and to vector leptoquarks with masses below 189 (195) GeV with branching ratio 0.5 (1) into electron and quark. Indirect limits from low energy experiments will be discussed in the following section.
For leptogluons we exclude ( g. 7) compositeness scales of 3 TeV at masses of 100 GeV and masses below 240 GeV are forbidden for scales of 250 GeV. In comparison, masses below 110 GeV have been excluded from p p collider data 30].
Results from contact terms analysis
The analysis is based on a purely inclusive measurement of the Q 2 spectrum measured with the nal state electron. The e + X sample described in section 5.2 is restricted explicitly to E T;e > 10 
appropriate lowest order cross-section for a particular choice of couplings if . Any deviation from the SM prediction for DIS NC events will be interpreted in terms of contact interactions. Figure 8 shows the measured Q 2 distribution compared to the SM prediction. We observe no signi cant deviation as the data is well described by the simulation over two decades in event density. This also holds for high Q 2 where the largest contribution from a contact interaction is expected. This is demonstrated in g. 8 via the example of the allowed contribution (95% CL) from the leptoquark V L 1 . This distribution looks very Thus the indirect limits derived from virtual leptoquark exchange nicely complement the direct searches and partly exceed the kinematic range of HERA at large coupling.
The limits obtained here may be compared to those from other indirect searches for leptoquarks 5]. From atomic parity violation and universality in leptonic pion decays limits in M LQ = have been derived of order 2000 GeV to 4900 GeV depending on the leptoquark species. Only at masses above 800 GeV do the limits from avour changing neutral current start to become more restrictive. These bounds are stronger than the ones derived here, but this measurement provides useful additional information since it is performed at a completely di erent energy scale. The Q 2 spectrum is then analysed, in an analogous way as for the leptoquarks, in terms of compositeness searches. HERA o ers through contact terms a sensitivity to a compositeness scale where new interactions should arise if quarks and leptons are composite objects having common constituents. The coupling coe cients are now de ned as if = g 2 = 2 , where the coupling strength g is conventionally set to g 2 =4 = 1. The two signs allow for positive and negative interference with the SM currents. In the present analysis the couplings are restricted to the pure chirality states LL, LR, RL and RR for both up and down quarks, i.e. only one coe cient if per quark avour is allowed at the time and all others are set to zero.
The results for lower limits of the scale are found to be almost independent of the chiral structure. We obtain at 95% con dence level that comparison, g. 9c shows the corresponding Monte Carlo distribution for aq of 150 GeV and a 0 1 of 80 GeV. The measured squark mass spectrum (irrespective of the 0 1 mass) is shown in g. 9d. A number of 48 3 background events is expected for M dec > 45 GeV. This is in reasonable agreement with observation but for a slight excess (within 1:5 to 2 from the expected background) spread over a large mass domain. This is not signi cant in view of the steeply falling mass spectrum and the 5% systematic uncertainty of the hadronic energy scale. Only two events have Mq 100 GeV while 4 1 are expected. An average of 0:5 0:4 is expected above 150 GeV where one event is found at 155 GeV.
The measured sample considered for the gauge decay modes of the squark has a 20% overlap with the one considered for the 6 R p decay modes. This is not surprising since no explicit multi-jet tagging was imposed. As a conservative approach, the shared background will be allowed to contribute (mostly in di erent mass bins) to both the 6 R p and the gauge decay in the derivation of rejection limits.
As was mentioned in section 2, we expect an e + in 50% of the e + 3jets nal states. Such an explicitly observable violation of lepton number conservation makes it an almost background free channel for squark searches at HERA. Hence for the 60q candidates we determine the lepton charge from the curvature of the track associated to the electron shower. The event selection was based up to now on calorimetric energy ow quantities only with no direct quality requirements on tracks and no strong requirements on the tracking chamber status. For the shower{track link, it is required that a track extrapolated from the inner surface of the LAr calorimeter passes through the shower volume and that the shower energy E and track momenta P agree within j ((E ? P)=(E + P) j< 0:5 . Moreover the error in the curvature is required to ful l 1 <j = j< 50: A fraction of 86 4% of the showers are thus linked to a charged track. This e ciency compares very well with a value of 87:3 1:2% obtained for the electrons for the full selection sample of 784 events. From this latter sample we estimate for theq candidates an upper limit of 3% 0:6% for mistaking an e ? as an e + . No such e + event is found in the data con rming that theq contribution in g. 9d can only be small.
In absence of a signi cant deviation from the SM prediction rejection limits on 0 111 are derived for squarks ( g. 10). The calculation follows the prescription of section 6 and combines all decay channels e + X; + X; q + 0 1 . To be explicit we assume for the branching ratio calculation that the 0 1 is a pure photino~ (cf. section 2). The~ branching ratio into eis 88% 10] . The splitting of the q +~ channel into e + and e ? involves no e ciency loss, because all events not satisfying the e + requirements are accepted in the e ? class. It is further required that the reconstructed photino mass is 10 GeV (20 GeV) for a true photino mass of M~ = 20; 40 GeV (80; 160 GeV). Using a mass bin optimization method as described in section 6, we obtain e ciencies as shown in g. 3b. Statistical and systematic errors for the e + 3jets case are similar to those for the leptoquark analysis (see section 6).
For the 6 R p decay modes e+X; +X the results from the analysis of scalar leptoquarks are used making the replacement thatd S 0 and ũ S 1=2 . Hence in such modes the squarks are detected with the e ciencies of scalar leptoquarks shown in g. 3a and the search is made using the mass spectra shown in g. 5.
The resulting rejection limits are shown in g. 10, where the M~ dependence enters via the acceptance and the available phase space. The limits for 0 111 are similar to those for the S L 0 leptoquark, but here the gauge decay contributes dominantly at low coupling (i.e.
Mq 100 GeV) and the 6 R p decay at masses 175 GeV. Masses close to the kinematic limit are reached for 0 111 1, and couplings 4 times lower than the electromagnetic 22 ~F igure 10: Upper limits at 95% CL for the coupling 0 111 as a function of squark mass for various xed photino masses. The limits combine all charged and neutral decays of thed and ũ.
coupling are probed for masses around 100 GeV. The limit presented here can also be used in case other squark decays are possible by multiplying the value on 0 111 with the square root of the sum of the branching ratios of the decay channels analysed here.
In comparison, the dilepton data from the Tevatron experiments have been used to estimate 32] a mass limit for squarks in the 6 R p model of Mq > 100 GeV. At HERA, a discovery of such particles is thus still possible. Indirect limits obtained from CC universality are close to the results obtained here 33].
In the MSSM there exists the interesting possibility of a large mass splitting between a light and a heavy stop quark. In 6 R p supersymmetric models, the light mass eigenstate of the stop,t 1 , can be produced in the reaction e ? + d ! t via a 6 R p Yukawa coupling 0 131 . Since the top quark is very heavy the decayt ! 0 1 t is suppressed. For the decay into the initial lepton and quark, the results obtained for theS 1=2 leptoquark are directly applicable if other supersymmetric decay channels do not contribute 34]. If this is not the case the limit on 0 131 has to be multiplied with the square root of the sum of the branching ratios of the decay channels analysed here. This however only holds if the total intrinsic width of the stop does not exceed the experimental mass resolution of a few GeV.
9 Conclusions
We have searched for leptoquarks, leptogluons and squarks in electron{parton scattering at HERA. Various kinematic reconstruction methods have been investigated to minimize the dependence on higher order QED and QCD radiation in the initial and nal state. For the decay modes studied, an electron or neutrino together with jets, the di erent angular distributions of these processes were used together with the reconstructed particle masses to separate possible signals from the Standard Model deep inelastic scattering process. No striking evidence for the production of new particles was found. Instead mass dependent limits at 95% con dence level for couplings were derived.
Leptoquarks, classi ed model independent into scalar and vector multiplets, are excluded for couplings of electromagnetic strength ( = 0:3) for the following masses (cf. g. 6): Squarks, in the 6 R p violating extension of supersymmetry, couple to lepton{quark pairs, but may equally well decay into a quark and a photino, with subsequent 3-body decays of the photino. Making explicit use of this lepton number violating mode, no evidence for squark production was found and photino mass dependent limits of Mq & 239 GeV are obtained for couplings of electromagnetic strength (cf. g. 10). For all these particles the results obtained here enter a previously unexplored region in the mass{coupling space for direct particle searches.
